Purpose: Physicians are ordering an increasing number of genetic tests. Results and additional information provided in the test result report are vital to the physician in making appropriate patient management decisions.
Molecular genetic testing has become increasingly available for diagnosis and management of various single-gene disorders such as cystic fibrosis (CF), breast cancer, and Huntington disease. 1 These tests allow ascertainment of affected patients, unaffected mutation carriers, and those at increased risk for developing certain disorders. Because these mutations are often heritable, molecular genetic test results have clinical implications for other family members. 2 Issues regarding informed consent, insurance implications, and pre-and post-test genetic counseling have raised concern about adequate quality assurance of molecular genetic testing. 3, 4 Considerable attention has been paid to the high degree of complexity involved in molecular genetic analyses. The test result report is used to convey critical information regarding the test result and other information needed by the provider in making patient management decisions. Recognizing the importance of having an appropriately informative report, several groups have developed recommendations. The Clinical Laboratory Improvement Amendments (CLIA) is a regulatory requirement which mandates that minimum laboratory quality assurance standards be maintained. Recently, the CLIA Advisory Committee recommended the development of a genetic specialty under CLIA that, in part, will mandate specific reporting requirements. 5 The National Committee for Clinical Laboratory Standards (NCCLS) has published a guideline detailing recommendations surrounding molecular diagnostic methods that addresses test result reports. 6 These recommendations are listed in Table 2 of that document. The American College of Medical Genetics (ACMG) has also published recommendations and consensus documents that address reporting issues including those specific for factor V Leiden 7 (fVL) and CF. 8 This study was performed to assess the content variability in genetic test reports for CF (⌬F508) and fVL obtained from North American laboratories.
METHODS
Laboratories performing CF (⌬F508) and fVL molecular tests were identified by querying the GENETESTS™ 9 database. (Use of trade names is for identification only and does not imply endorsement by the US Department of Health and Human Services or the US Public Health Service.) CF and fVL tests were chosen for review because they are relatively simple to perform analytically but complex to interpret. Each labora-tory was requested by mail (February 2000) to send the following reports with all patient identifiers removed: (1) for CF tests, a homozygous normal result, a heterozygous ⌬F508 result, and a homozygous ⌬F508 result; (2) for fVL tests, a homozygous normal result and a heterozygous affected result. Since the purpose of this study is to evaluate variability in reporting practices, rather than reporting for a specific disorder, collection of additional reports (i.e., homozygous fVL, and other CF mutations) was not considered warranted. An e-mail was sent 3 weeks after the first mailing, and a second mailing was sent to nonresponders 3 months after the first mailing. Nonresponders were telephoned 4 months after the first mailing. All laboratories were categorized as university-based, hospitalbased, or independent, depending on their affiliation with an academic institution or hospital; demographic data and response rates are presented in Table 1 .
We reviewed US and Canadian test result reports for the presence of critical elements selected from the published recommendations of the Clinical Laboratory Improvement Advisory Committee (CLIAC) and NCCLS (see Table 2 ). Each critical element was scored once per laboratory after review of all forms. If the element was addressed in the report, the laboratory was scored as being satisfactory for that element. A report was scored positively for (1) contact information only if it included a telephone number on each form, (2) interpretation if the clinical relevance of the result was mentioned, (3) methodology if it mentioned which molecular methods were used, (4) adjusted risk if the report modified the risk for having the disorder after a negative result, and (5) genetic counseling recommendations if any mention was made on mutation-positive reports of the need to consider genetic counseling. Critical elements were categorized as administrative, patient-specific, test-specific, or post-test-specific and were scored for the percentage of all reporting laboratories including the element in their form. For the CF results, 16 elements were reviewed and for fVL results, 12 elements were reviewed (Table 2) . Mutation detection rate, the mutations analyzed, revised risk assessments based on number of mutations tested, and ethnicity were scored for CF only because fVL testing involves a single panethnic mutation. We used the 2 test of independence to explore the associations among the variables. When the expected frequencies were small, we used the Fisher exact test.
RESULTS
For CF, 28/44 laboratories responded (64%) and for fVL, 46/72 laboratories responded (64%; Table 1 ). No differences in response rates were found between the two types of tests (P ϭ 0.98). No significant differences in response rate were found among the types of laboratories for CF (P ϭ 0.29), but significantly fewer academic laboratories responded than hospitalbased or independent laboratories for fVL (P ϭ 0.03). Genetic counseling was mentioned in mutation-positive reports by 61% and 54% of CF-and fVL-performing laboratories, respectively. CF reports were more likely to include clinical indication than were fVL reports (P Ͻ 0.01), but fVL reports were more likely to include methodology (P Ͻ 0.05). No other significant differences in the report features were observed between the two disorders.
DISCUSSION
As with other clinical tests, appropriate clinical interpretation and use of the genetic test result often requires additional information provided by the laboratory. This is particularly pertinent because genetic testing not only includes tests referred for diagnostic purposes but also includes tests to determine disease susceptibility and carrier status. Furthermore, implications for other family members is an inherent part of results established for most genetic tests and will depend on possible modes of inheritance, penetrance, and expressivity of the mutations found. Using CF and fVL as model conditions, we sought to assess the presence of certain critical elements that impact interpretation of the results and impact patient management decisions. Variability has been previously noted in CF testing. 10 This together with its potential to be used for population-based screening has led the ACMG 8 to develop recommendations that address various aspects of CF testing including the reporting of results. McGovern et al. 3 reported that a significant number of laboratories do not request a family history on their requisition and did not provide a summary of the method used to perform the analysis. Giardello et al. 4 additionally found that 32% of physicians in their study misinterpreted the test result. Given these findings and the belief that these elements are necessary for appropriate interpretation of the test result, several groups have proposed the inclusion of critical elements in genetic test result reports but no systematic review of test reporting practices has been performed. 5, 6 The present study may be limited by our ability to identify all laboratories offering CF and fVL testing and the response rate. Nonetheless, the responses allowed us to perform a qualitative assessment of report variability. In addition, report forms for these two disorders may not fully represent the spectrum of interpretative reports from a laboratory.
We found a broad range of reporting content, with considerable variance from the recommended guidelines noted in the critical elements included in the report. A high degree of similarity existed between the percentage of report forms for CF and fVL test responding adequately to any given critical element. This similarity suggests that inclusion of critical elements on the report form is not test-specific but may be related to general laboratory report practices. For example, almost all laboratories performing either test included a medical director's signature but few included information regarding genetic board certification of the medical director. The presence of a board-certified geneticist and laboratory accreditations were two of the factors previously correlated with optimal practices, 3 although they are not specifically recommended for inclusion on report forms by CLIAC and NCCLS.
In 36% and 20% of CF and fVL reports, respectively, no mention was made of the methodology used in the test. Laboratory methodology affects the clinical interpretation of the result. A negative screen for some mutations does not rule out the possibility of carrying a disease-causing mutation, and omission of the methodology may lead to a misunderstanding that potentially adversely affects clinical management. Specifically in CF, a report failing to list methodology may be misinterpreted as analyzing sweat electrolytes rather than mutation analysis. As methodologies change, mutation ascertainment may change and the post-test risk of carrying a disease-specific mutation must be adjusted.
The clinical indication for performing the test was mentioned by 64% and 39% of CF-and fVL-performing laboratories, respectively. The ACMG recommends a standard mutation panel for CF screening, including R117H. 8 The presence of R117H can be associated with congenital bilateral absence of the vas deferens (CBAVD) when present in cis with a 7T splice variant and a second CF mutation or trans with a 5T splice variant. 11 Many of these patients may not have elevated sweat chloride concentrations or lung disease typical of CF. Alternatively, when this mutation is present in cis with a 5T splice site variant and a CF mutation on the other allele, a pancreatic sufficient form of CF can result. Therefore, knowing the clinical reason and indications for testing, whether for CF diagnostic testing, carrier testing, or addressing a clinical finding of CBAVD, is needed in order to provide an appropriate interpretation and recommendations for follow-up.
Only 21% of CF-performing laboratories mentioned the ethnicity of the patient, a factor that may significantly affect the interpretation of the result since the ⌬F508 mutation is most frequent among populations derived from northern Europeans. Ethnicity is necessary for calculating a post-test adjusted risk of carrying a mutation when a mutation is not found on one or both alleles. Therefore, without identifying ethnicity, a physician ordering a CF mutation analysis for carrier status who receives a "negative" result might incorrectly counsel the patient that he or she is not a carrier or over-or underestimate the residual risk from the ethnicity-specific detection rates. The carrier frequency for the ⌬F508 allele varies among ethnic groups (from approximately 70% of contributing alleles in Caucasians, 46% in one Hispanic population, 48% in African Americans, and 30% in Ashkenazi Jews) and, therefore, knowledge of ethnicity is critically important in calculating residual risk. 8 Because of this variation in the prevalence of the ⌬F508 allele, both the detection rate and estimated carrier risk after a negative test result will vary. For example, in European Caucasians, the overall detection rate using the ACMG recommended test panel is estimated at 80% with a 1 in 140 estimated carrier risk after a negative test result (to include all contribut-ing alleles). In the Hispanic population studied, the detection rate was reported at 57% with a 1 in 105 estimated carrier risk after a negative test result. 12 Alternatively, although the prevalence of ⌬F508 is relatively low in the Ashkenazi Jewish population, other prevalent alleles allow for a 97% detection rate. Although it may be debated whether reporting the ethnicity on the result report is necessary, an indication regarding how detection rate and residual risk calculations were performed should be helpful in assuring the referring clinician that the numbers reported are appropriate for the patient referred.
Only 61% and 54% of CF and fVL mutation-positive reports, respectively, mentioned the consideration of genetic counseling for other family members. Ideally, genetic counseling should have been provided prior to testing but failure to provide or recommend genetic counseling post-test may result in a lack of understanding and action on the part of the patient regarding his or her carrier status and risk for other family members. Inclusion of a recommendation for genetic counseling in the laboratory report emphasizes this intervention in patient care.
The widespread use of genetic tests by physicians without specialized genetic training has raised concern about the appropriateness of test ordering and the adequacy of test reporting. 2, 4 Our study results suggest that information which may affect the physician's management of the patient (e.g., test methodology, post-test adjusted risk for being a mutation carrier, consideration of genetic counseling) is not uniformly included in CF and fVL test reports. These findings confirm that some medical genetic test reports are currently not providing a complete set of informative elements for ordering physicians. We recognize that a laboratory's capacity to include information in its report depends on what is asked for (or required) in the requisition and the willingness of physicians to provide the requested information.
In summary, we identified variability of reporting content in the current medical genetic laboratory reports for CF and fVL testing. We suggest that these findings prompt a review by genetic laboratories of their current test reports to consider inclusion of the critical elements, which are necessary for all physicians to appropriately interpret and use the report results. Future areas of investigation will include a study to identify barriers to effective understanding of genetic test result reports by general and specialty physicians. These efforts will ultimately lead to recommendations for broadly applicable laboratory reporting practices that permit the physician to make appropriate clinical interpretations with a high degree of confidence.
